The growth response of Lactobacillus leichmannii to vitamin B12 has been studied extensively. Investigators have used semisynthetic media (Skeggs et al., 1950; Lees and Toothill, 1952) or basal media supplemented with tomato juice or liver extracts (Peeler et al., 1949; Schweigert et al., 1950) . Recently Skeggs and her associates (1953) prepared a synthetic medium and studied the nutritional requirements of one strain of the species. These workers confirmed the amino acid requirements previously stated by Schweigert et al. who grew the bacterium in a medium containing a liver extract. The present study was undertaken to learn the influence of the amino acid composition of a synthetic medium upon the growth of L. leichmannii and to develop a medium of known chemical composition suited to the bioassay of vitamin B12.
EXPERIMENTAL METHODS
Lactobacillau leichmannii, strains 7830 and 4797, was used and originated directly or indirectly from the American Type Culture Collection. Preliminary work showed that cultures of the two strains differed in their response to vitamin B12. Most consistent results were obtained when the cultural history of a given strain was known so that the propagation of stock cultures could be continued under previously established conditions. Cultures which were received in milk generally were not satisfactory, but cultures in semisolid medium were. One culture of L. teichmannii, strain 4797, was obtained from the Western Regional Research Laboratory, Albany, California. The culture is designated L. teich-1 A portion of this investigation was submitted to the Graduate School of the University of Idaho in partial fulfillment of the requirements for the degree of Master of Science. Published with the approval of the Director of the Idaho Agricultural Experiment Station as Research Paper No. 376. 20 mannii, 4797W, and had been propagated in tomato juice agar (Lewis, 1953, personal communication) , and this propagation was continued. The strains originating in the American Type Culture Collection were maintained in 1 per cent tryptose-skim milk (Skeggs et al., 1950) . All stock cultures were transferred at monthly intervals. Stock cultures were maintained also as lyophilized populations. Routine appraisal of the synthetic media was based upon growth responses to added vitamin B12. A 5 tube assay procedure was used in which the amounts of vitamin B12 added ranged from 0 to 0.001 ug per 10 ml medium. Growth was measured as titratable acid following incubation at 37 C for 72 hours. Attempts were made to control variables such as volume of media, autoolaving procedure, time of storage of media before inoculation, and amount of inoculum (Lees and Toothill, 1952) .
Growth obtained in the synthetic media was compared with that occurring in a soybean hydrolyzate medium (SB). This contained acid hydrolyzed soy protein as the source of amino acids and was prepared according to Dahlstrom (1951 It was found that growth responses in the complete medium varied with the age of the amino acid stock solutions used to prepare the medium. These stock solutions were prepared at acid or nearly neutral reactions, depending upon the compound, and then held at 10 C. Stock solutions of DL-tryptophan, however, were prepared each time and not stored. Growth of the two strains of L. leichmannii was less in the complete medium compounded with aged amino acid solutions than when the medium was prepared with freshly made amino acid solutions (table 3) . Repeated experiments showed that maximum growth did not occur when amino acid stock solutions were more than 1 week old. The minimum growth response, which amounted to about 50 per cent of the maximum, was seen The possibility that racemization occurred during storage seems improbable except for the solutions prepared at nearly neutral reactions. Comparative studies of the optical activity of freshly prepared and 7 week old stock solutions of amino acids showed no appreciable changes. Likewise comparisons of the old and new amino acid stock solutions using the paper chromatographic method (Woiwood, 1949) have revealed no outstanding change in RF values during storage.
It is possible that the gross effect of the aged amino acid solutions might be explained by combining the slight decreases in growth seen in almost every instance when unaged solutions were replaced by aged solutions (table 4) . Also, the amino acids having a stimulating action, but not those required for growth ( (Wright, 1953) .
Relatwe re8pon8es of L. leichmanni-to B12 in the 8everal media. The usefulness of the complete and the minimal synthetic media in bioassay of vitamin B12 was judged by comparing the growth responses occurring in these media with those found in the soy-hydrolyzate medium.
Also a fourth medium, one in which acid-hydrolyzed casein was substituted for the amino acids of table 1, was included since many of the assay media commonly used contain hydrolyzed casein. Where amino acids were used, the stock solutions were freshly prepared. The responses to different concentrations of vitamin B12 are shown in figurs 1 and 2. Results obtained using the casein hydrolyzate medium are not included since they parallel closely those found in the soyhydrolyzate medium. The data show that either of the synthetic media may be used in the assay of the vitamin with L. leichmannii. The complete medium supported growth equivalent to that in the soy-hydrolyzate medium while the responses in the minimal medium were quantitatively less. Table 7 shows that relatively large concentrations of either thymidine or desoxyribonucleic acid will replace the activity of vitamin B12 in the complete medium. In the presence of vitamin B12. neither of the compounds stimulates a response greater than that attributable to the vitamin alone. The largest amount of thymidine used, but not desoxyribonucleic acid, replaced the activity of vitamin B12 completely while the smaller amounts of the compounds failed to support growth in the absence of the vitamin. Skeggs et al. (1953) have shown that desoxyribonucleic acid may replace vitamin B12 for L. leichmannii growing in a synthetic medium at the concentrations shown here, but results for amounts less than 10 Ag per ml were not reported by these workers. In these circumstances a medium such as the soy-hydrolyzate would tend to suppress the selection of vitamin B12-independent cells, and populations propagated in the soy-hydrolyzate medium would retain vitamin B12 dependency. Experience over a 2 year period has shown the soy-hydrolyzate medium to be superior in maintaining vitamin B12-responsive populations.
Populations of the strains of L. leichmannii show partial vitamin B12-independence also when cysteine-HCl and ascorbic acid are included in the synthetic media. A stimulating action of reducing compounds has been observed frequently (Welch and Wilson, 1949; Skeggs et al., 1950) , but usually the reducing compounds did not eliminate the need for adding vitamin B12. Under the conditions of this study it seems improbable that the reducing compounds were acting as antioxidants as has been suggested by Welch and Wilson. It would seem instead that a metabolic sequence similar to that which accounts for vitamin B12-independence in the cells of the complete medium-adapted populations is concerned. The composition of the soy-hydrolyzate medium is of interest here since it contains both cysteine-HCl and ascorbic acid in concentrations of 60 and 40 mg per 100 ml, respectively (Dahlstrom, 1951) The extent to which L. leichmannii responds to vitamin B12 in the minimal and the complete synthetic media depends to a considerable degree upon the age of the stock solutions of the amino acids used to prepare these media. The practice of storing stock solutions of amino acids may be questioned in light of these results.
SUMMARY
Two synthetic media have been prepared in which Lactobacillus leichmannii, strains 7830 and 4797, grew and responded quantitatively to vitamin B12. The minimal synthetic medium contained 12 or 14 amino acids depending upon the strain and supported a somewhat smaller population than did the complete synthetic medium which contained 22 amino acids but was similar in all other respects.
Maximum growth in either of the synthetic media occurred when stock solutions of amino acids were stored not longer than 1 week at 10 C. Media prepared with stock solutions of amino acids which had been stored 5 to 7 weeks gave one-half of the maximum growth. No reason for these results can be offered at the present time.
Serial propagation of the stock cultures of L. leichmannii in the complete medium resulted in adapted populations which were vitamin B12-independent. This independence was not expressed in a medium which contained acid hydrolyzate of soy protein.
Partial vitamin B,2-independence was shown in unadapted populations when cysteine-HCl and ascorbic acid were included in the synthetic media. This independence disappeared when the ascorbic acid was eliminated. The presence of both reducing compounds in the soy-hydrolyzate did not fulfill the need for added vitamin B12.
Thymidine or desoxyribonucleic acid partially or completely replaced vitamin B12 in the synthetic media.
